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CORROSION l3 SODIUM ~~ - NICKEL SYSTEMS 

By Americo F. Forestieri  and Robert A. LaB 

SUMMARY 

J Stat ic   crucible  tests w i t h  additions of the reducing agents sodium 
chromite Nagcr04  and mangmese dioxide h 0 2  indicate that salts- soluble 
in sodium hydroxide may be added to i n h i b i t  ~ S E  transfer i n  nickel. 
The metals m a n e s e ,  vanadium, and. nglybdenum were also investigated in  

4 static  crucibles and found t o  be ineffective. 

Toroid corrosion kests showed that c a q l e t e  exclusion of air is 
necessary to obtafn maxfmum hh ib i t i on  with chromium addition. 

Studies (ref. 1) at  the Lewis laboratory have indicated that chrom- 
ium additions to sodium hydroxide a r e  effective in decreasing mass trans- 
fer in nickel  crucibles and toroids.  This  inhibiting  property is be- 
lieved to be due to an intermediate of the type sodium chromite Na$r03 
(ref. 2), which is formed. A s  a result of these studies, it was of in- 
te res t  to investigate, Fn static  crucibles, the possible  usefulness of 
other metals that could  react with the caustic t o  form salts havhg sim- 
ilar reducing properties. The metals investigated were manganese, van- 
adium, and molybdenum.  The possibil i ty of addjng salts direct ly  w&s 
also studied using sodium chromite Na5Cr03,  manganese dioxide M02, and 
sodium n i t r i t e  NaN02. 
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Toroid results have  be- reparted previoUSly (ref. 1) for additions 

of 1 percent d chromium. I n  the  experiments-of  reference 1 the  stand- 
ard method of sealFng a toroid was modified t o  provide f o r  complete ex- 
clusion of air by sealing the .toroid ip a helium. atmosphere. A second 
purpose of t h i s  jnvesf;iga+zim w a s  t-o l e a  *ether the usual method of 
sealing in the open was sufficient t o  produce the observed beneficial 
effect .  Accordingly, t e s t s  were run-under  both  conditions  without the 
additive and under the standaxd sealing method with 1 percent chromium. 

I 

Stat ic  T e s t  

The static  crucible experiments were carried a t  according to   the  
procedures  described in-  reference 3. The nickel  crucibles (fig. 1) were 
mounted i n  a furnace that provided a hot-zone  tenrperature of l ao  F at 
the bottom of the  crucible and a temperature drop of 45' F from the bot- 
tom t o  the liquid  level. The addrLtives  were introduced as powders to- 
gether with the sodium hydroxide (13 .@0.1 g )  before  the  moisture and Ir 
a i r  were removed  by evacuation and heating. The extent of corrosion and 
mass transfer was determined by the weight changes of disk specimens in 
the hot zone. 

* 

. .. . .. . .  - .  " 

Toroid t e s t .  - The toroid  circulating  apparatus  (fig. 2) and exper- 
jmental  procedure are described in references 4 and 5. Tests were made 
using  nickel  toroids  at 150O0 F w i t h  a temperature difference of 40° F .  
The flow velocity i n  all the experiments wa6 15 feet  per second. 

The standard method  of s e a l h g  a toroid involved the followLug gro- 
cedure: A f t e r  evacuation t o  r m v e  moisture and a i r  from the sodium 
hydroxide had been completed, -m atmosphere of helium was introduced 
into the toroid. The connecting  tube was then remrwed Fn the air and a 
close  f i t t ing  nickel plug was quickly  inserted  into the vent  tube. Corn- 
plete  closure was finally aixaiplished by heliarc welding. To compare 
the  standard method  of closure with a modified method that provided .for 
complete exclusion of a i r - t h e  introduction of the nickel  plug  3nto.the - .. 

vent tube was performed in an atmosphere of helium instead of a i r .  

The measurement of mass transfer w a s  made a t  Fntervals dur 
experiments -by means of X-ray shadowgraphs of. the cooled section "$ f ig .  the 
3). The Fnside diameter of a 3-inch arc from the cooled portion of the 
toroid was measured at 25 positions on each shadowgraph. From these - 

measurements the average internal  cross-sectional  area w a s  c a l c w t e d  
and i ts  percentage :decrease was used aa a measme of mass transfer dm- 
ing the experiment.. 

t 
. " 
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Sta t ic  Tests 
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The experimental results obtained . i n  s ta t ic   c ruc ib le   t es t s  are 
shown in table  I. Additions of Mn, Va, Mo, and NaN02 all resulted in 
higher ws - t r ans fe r   r a t e s  than thst observed with the NaOH alone. How- 
ever, a decrease in rate s5milar to that found with C r  (ref. l> was ob- 
tained with  both Na3CrOg and MnO2. In both of these  cases  the specimens 
showed l i t t l e  evidence of attack and were coated with a, thin layer of 
nonmetallic  deposit-. This behavior was identical  with that observed 
for  chromium additions (ref. 1). From these  results it can be concluded 
that both Na3Cr03 and Mn02 are  effective in reducing mass transfer. 
However, further experimentation is necessary to determine the optirmun 
concentrations and the behavior of these additive under forced- 
circulation  conditions. 

Toroid Tests 

The results-of  the  circulating loop e.yperfments are presented in 
figure 4. The  method of closure had l i t t l e  effect  on the tests with 
pure  caustic; the vmiations shown in figure 4 are believed to be of 
the order of magnitude of the errors  inherent i n  the measurement of  the 
reduction in mea. The results with chrcgnium addi€ion.Fndicate  that 
the method of closure gives rise to greater  Wference. A tegt with 1 
percent chromium Fn which the   s ea lug  w-as performed in .a i r  still yielded 
a much lower mass-transfer rate than eLther test with pure caustic at 
the same temperature  duference. Emever, the rate w a s  appreciably 
higher than that obtained den air was completely  excluded (ref. 1). 
The Inference is that the oxygen introduced fr- the a i r  interferred 
w i t h  the reaction by which the chrainium is effective,  possibly by form- 
ing more than the usual amount- of chromate (ref. 21, which is known to 
be detrimental (ref. 3). 

From this  investigation of corrosion and mass transfer of sodium 
hydroxide - nickel system, it was found that : 

1. Addition of the reducing  agents NagCrOg and MnOz in s t a t i c  cru- 
cible tests indicates that s a l t s  soluble in sodiwn hydroxide may be 
added t o  inhibit mass transfer i n  nickel.  Further  evaluation of these 
additives is  needed, especially under forced-circulation  cmditions. 
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2. The metals manganese, vanadium, azid molybdenum and  sodium ni- 
trite- investigated in static  crucibles were ineffective in  inhibiting 
mass transfer.  " 

3. Toroid tests employing two methods of sealing  the system shared 
that complete exclusion of air is necessary t o  obtain gaximum inhibi- 
t ion with chromium  %l,dition. . . . . . . . .  - -. . . .  . .  - .  . -. 
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TABm I. - muI;Ts OF smmc CRmrBm TESTS 

[Nickel  crucibles at l a o  F with a temperature differ- 
ence of 45O P and a test duration of 24 hr .] 

A d d i t i v e  

None 

Na3CrOg, 1 percent 
Na3Cr03,a 3 percent 
N ~ ~ c ~ o ~ , ~  5 percent 

~ n 0 ~ , ~  1 percent 
m ~ ~ , ~  5 percent 

a 

Mn, 1 percent 
Mn, 3 percent 
Mn, 5  percent 

Va, 3 percent 
Va,' 5 percent 

Mo, 1 percent 
Mo, 3 percent 
Mo, 5 p5rceIit 

NaN02, 1 percent 
NaNOz, 3 percent 

C 

Specimen 

mg 

-5 .O 

weight change, 

-2.9 
3.4. 
6.3 

-4.2 
-2.9 

-14.1 
-35.0 
-41.9 

-49.4 
-82.2 

-20.1 
-71.2 

-165.3 

-15.1 
-35.6 

a 

bC .P. 85 Percent m02. 
CEvolvea. % upon purging. 

17.9  Percent C r  by analysis. 
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Figure 1. - S t a t i c  crucible. 
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Figure 4. - Decrease i n  average internal  cross-sectional area o f  cooled  section 
with running the for nickel tomids operated a t  1500' F with a temperature 
difference of 40' F and a flow velocity of 15 fee t   per  second. 
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